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SOME FACTORS CONCERNED WITH THE USE OF AIR- 
BLAST SPRAY EQUIPMENT ON POTATOES! 
R. E. PartyKka,? R. J. Quinton,*® R. C. Cetas* 


Recent advancements in spraying for diseases and insect control have 
been toward the use of small quantities of concentrated spray mixtures. 
This has been accomplished by the use of aerial equipment, low pressure 
weed type sprayers and mist blowers (5), (7), (9). 

Within the last 4-8 years considerable emphasis has been placed 
on air-blast machines and their adaptability to row crops. Unique prob- 
lems in deposition and distribution have been presented and it has been 
pointed out that certain requirements must be attained before such machines 
can be used successfully. These are: air volume sufficient to replace air 
in the plant zone; velocity sufficient to agitate and expose all leaf surfaces 
to the mist; velocity sufficient to be unaffected by surface winds; and 
volume and velocity to be of such magnitude as to not injure succulent 
tissues at close range (6). 

Such machines increase the speed of operation, increase rate and 
ease of coverage, avoid necessity of handling large volumes of water and 
heavy equipment, and decrease labor (4), (8). Recent performance of 
such equipment on row crops has given evidence of satisfactory insect 
control in some areas (2), (10). As a result, air-blast machines are being 
purchased for row crop spraying in many important vegetable regions. 
However, further information on factors affecting deposit patterns and 
pest control on potatoes with different air-blast machines is necessary. 

Experiments were undertaken in 1953, 1954 and 1955 on Long 
Island, New York to determine some of the factors concerned with the 


operation of air-blast sprayers. By means of copper deposit patterns, in- 
formation was obtained on the effects of such factors as plant height, 
swath width, nozzle arrangement and wind on overall coverage and on 
location within the row for individual row coverage 


METHODS AND MATERIALS 


Four commercially available row crop semi-concentrate air-blast 
sprayer attachments were tested in these experiments. 

1. A Myers Field Crop Concentrate Attachment No. 52CA-F29 
(22 rows) was modified by the addition of a fixed deflector placed on 
the top of the one sided discharge outlet with a 20 degree downward 
angle to direct the air stream. Also, a second nozzle was added outside 
of the air-blast to aid in covering one wheel row. The regular nozzle 
arrangement consisted of 10 Myers nozzles fitted in the vertical discharge 
manifold with either no, 3 or no. 5 porcelain discs and 2 hole whirl 
plates. The modified arrangement consisted of 10 nozzles fitted from top 
to bottom as follows: 2 with no. 5 discs and 3 hole whirl plates 2 with 


no. 3 discs and 3 hole whirl plates, 1 with no. 5 disc and 2 hole whirl 


1Accepted for publication December 9, 1957 

2Former Graduate Assistant, Department of Plant Pathology, Cornell University, 
Ithaca, N. Y.; Extension Specialist, Ohio State University, Columbus, Ohio. 
3Former Graduate Assistant, Department of Entomology, Cornell University; Assis- 
tant Entomologist, Connecticut Agricultural Experiment Station, New Haven, Conn. 
4 Associate Professor, Department of Plant Pathology, Cornell University, Long Island 
Vegetable Research Farm, Riverhead, Long Island, N. Y. 
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plate, + with no. 3 dises and 2 hole whirl plates and 1 with no. 5 dise and 
2 hole whirl plate. The two nozzles used to spray the one row under the 
machine contained no. 3 discs and 2 hole whirl plates 

: \ Hurst-Cardox Aqua-Jet Blower Attachment was modified by 
] 


lition of two fixed deflectors attached to the top of the two sided 


housing at a 40 degree angle to aid in directional control of 
stream. Three special, adjustable, impingement nozzles were mounted 
h side of the housing but only two were used in order to reduce 
volume. The rows straddled by the machine were covered by 
the swirl-back of the air stream under the machine. No nozzle provisions 

were made to spray these rows 
\ Bean Speedair Model 12-RC (28 1 


1 dis 


wit! Iwo sicle 
ianitold consisted of 7 nozzles arranged vertically in the housing 
side). The nozzles on each side were fitted from top to bottom wit! 


2 no. 5, 2 no. 3 and 3 no. 3 discs. The 5 nozzles used to cover the two 


rows under the machine were equipped with no. 3 discs. All nozzles 
3 hole 


contained 2 hole whirl plates except those with 5 dises nere 
whirl plates were used. 

4 \ Bean Model 15-RC Aircrop Attachment with one sided dis 
charge manifold consisted of 12 nozzles arranged vertically in two rows 
within the discharge head. The nozzles were fitted from top to bottom as 
follows: 2 with no. 7 discs and no whirl plates, 5 with no. 2% discs 
and no whirl plates, 1 with no. 5 disc and 2 hole whirl plate, 1 witl 

dise and 2 hole whirl plate, 3 with no. 5 discs and 2 hole whirl 

\ fan type nozzle with a no. 2% disc was mounted just outsid 
ie air outlet on the bottom to spray the inside of the row next to the 
sprayer. Rows straddled by the spraver were covered by a 5 nozzle 
hydraulic brush type boom. 

\ll blower attachments were mounted on special trailers except 

Bean 15-RC unit which was on a conventional sprayer. The units 

ljusted to the same height of 30 inches above ground. The trailer 


mounted blower attachments were drawn behind and utilized the tank and 
pump of a standard 400 gallon hydraulic boom sprayer equipped with a 
Bean Royal 35 pump operated at 400 p.s.i. In this way, different units 
could be readily interchanged in the field. The power unit on all of the 
attachments was a VF-4D Wisconsin air-cooled engine. A hydrauli 
sprayer equipped with a brush type boom was used as a basis of comparison 


RATES, SPRAY SCHEDULES, PLoT SIzeEs 


Che air-blast attachments were calibrated to deliver 50-55 gallons of 
4 Bordeaux mixture (16-8-100) per acre depending on the nozzle 
arrangement and the size of the plot to be covered except the Bean 15-RC 

delivered 75 gallons of 14x Bordeaux mixture (12-6-100) pet 

The hydraulic sprayer delivered 100-110 gallons of Bordeaux mixture 

100) per acre. 

The plots were sprayed on a regular schedule throughout the season 
The treatments were replicated 2 or 3 times depending on space available. 
Length of plots varied from 250 to 500 feet during the different years. 

Plots were sampled twice in 1953, one when plants were 8 in. tall 


and later at full bloom. All other samples (1954-1955) were taken when 


IO 
charge 1 ry 
{on ¢ ic] 
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the plants were at the full bloom stage. With but two exceptions, in which 
the Cobbler and Katahdin were used, all tests were conducted on the 
Green Mountain variety. 


Plots varied from 22 to 30 rows for the air-blast machines and 8 
rows for the hydraulic boom machine. Two plot sizes were used in 1953 
to determine the effective swath covered by the machines tested. One 
sided discharge machines were driven so as to spray toward the center of 
each plot from 2 sides resulting in a double swath plot. The 2 sided 
discharge machines were driven through the center of the plot spraying 
in both directions and then driven around the periphery of the plot spraying 
toward the center. This resulted in a plot consisting of 2 double swaths 

Following a preliminary series of experiments in which a close correla- 
tion was obtained between separate deposits of DDT and copper, Bordeaux 
mixture was used for deposit studies because of the ease in analysis. In 
order to obtain information on the quantitative distribution of the * prays, 
leaf sampies were collected from plants in designated rows in the plots. 
Leaflets were removed from the top, middle and bottom position of plants 
in 150 feet of row. In taking samples, leaflets were collected (50 per 
sample position per row) and bagged in the field. These were taken 
immediately to a shelter where they were stacked in groups to save 
punching time and punched with a 1.65 cm. diameter cork borer () 
dise per leaflet). The leaf discs were taken to the laboratory where they 
were analyzed for copper deposit using a modification of French's method 

2 

Collected samples (fifty 1.65 cm. discs) were placed in 250 mil. beakers 
and 150 ml. of 0.2 per cent HNOs added. They were allowed to stand over 

letting the copper dissolve from the leaf surfaces. The dilute acid 
poured off and a 5 ml. aliquot of the solution from each sample was 
Erlenmeyer flask. One ml. of concen 
trated NHyOH and 0.5 mil. of a 20 per cent aqueous solution of sodium 
diethyldithiocarbamate was added. When the flask was shaken, the copper 
appeared as a brownish precipitate. Exactly 15 ml. of pure isoamyl] alcohol 
were added and the contents of the flask were shaken on a mechanical 
shaker for 5-7 minutes to allow the copper precipitate to be completely 
extracted by the solvent. The entire contents were poured into a 50 mi. 
centrifuge tube and centrifuged at 1200 RPM for about 5 minutes. The 
water layer at the bottom of the tube was removed with a small drawn-out 
glass tube attached with soft rubber hose to a suction line. By pinching 
the rubber hose, the glass tube could be inserted without removing any 
of the alcohol. The water was caught in a catch bottle in the suction line. 
Colorimetric determinations of copper in the samples were made on a 
lumetron colorimeter using a green filter. The per cent transmission was 
recorded and related to a standard curve which had previously been 
established. Since the total volume of the solutions was measured, it was 
possible to calculate the amount of copper present on the leaf discs as 
micrograms per square centimeter, no distinction being made between 
upper and lower surfaces. 


Leaf prints, prepared according to the techniques described by Blodgett 
and Mader (1), were made in 1953 in order to obtain qualitative deposit 
information between upper and lower leaf surfaces. Prints were made from 
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samples collected from some of the positions on the plants previously 
indicated. 

Wind velocities were determined during all spray operations using 
a Keuffel and Esser Co. anemometer. 

No late blight was present in the area during the course of the ex 
periments 


The highest copper deposits were found in the center of a 22 row 


plot (Figure 1 top line) when & in. plants were sprayed for the first tim 
with a one sided discharge machine. These deposits were higher than those 
put down by the standard hydraulic boom sprayer. However, when a 26 
row plot (Figure 3, top line) was used, a lower deposit in the centet 
ot the plot indicated that an area too wide to be covered by the two 


spray swaths from the machine was being used. Comparable results were 
found with the Hurst Aqua-Jet two sided discharge machine (Figure 2) 

Deposit data taken after the third spraying at the full bloom stage 
(maximum height) were markedly different as shown in figures 1, 2 


and 3 in the same plots. The pattern with the one sided discharge unit 


in this case shows a lower copper content on leaves in the center of the 
plot. It was found in later experiments (Table 1) that total copper 
deposits on plants in the center rows, in a 22 row plot, were significantly 
lower when sprayed with the regular nozzle arrangement of the air-blast 
attachment when applied with the standard boom. The low deposits on 
row 10 (Figure 2) with the two sided machine indicates that a small 
amount of spray material was being carried under the machine. Row 17 
(Figure 2) appears to indicate a drop in the effective swath from bot! 


directions 


NEAR SIDE vs. FAR SIDE OF Row IN RELATION TO AiR BLAST 


Samples taken from each side of the sample row at the top and 
bottom of the plants show that the side of the row toward the machin 
consistently received a higher copper deposit than did the far side of 
the same row. In figures 4 and 5 the near and far side effects are evident 
as the right and left sides with a one sided machine. Figures 6 and 7 indicat 
similar results with a two sided machine. The point where the plants 
received the same amount of material on each side indicates where the 
swaths overlap. An average of the samples taken from the top, middle 
and bottom positions from each side of the sample row indicates a significant 
difference between the side of the row close to the machine and the side 
away from the machine (Tables 2 and 3). However, these differences 


ar only in rows near the machine and were not significant in _ the 


center or where spray swaths overlap each other. 


Copper SprRAY Deposits IN Top Portions vs. Bottom PorRTIONS 
OF PLANTS 


In all cases, the top portions of the plants received a greater amount 
of spray material than the bottom portions. This was evident when the 
average curve in Figure 4 was compared with Figure 5, and Figure 6 wit! 


RESULTS 
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Figure 2.—Average copper deposits on plants in a 22 row plot sprayed with the Hurst 
\qua-Jet. First spraying and third spraying with samples from middle and bottom 
pra) pra) 
portion of plants compared with boom sprayed plants on Green Mountain variety 
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vr deposits for the top right and left side of plants in sampled rows 
of both sides sprayed with the Myers unit, 22 row plot, No. 5 discs 
ed with boom sprayed plants on Green Mountain riet 


7. For the most part the deposit on the top samples in rows located 
he center of a 22 row plot ( Figures 4&5) sprayed with the one sided 
vers machine using no. 5 discs were lower than those sprayed with a 
sprayer. Practically all the bottom deposit samples were lower than 


those sprayed with the boom sprayer. It is interesting to note that the 


bottom samples with a boom sprayer were slightly higher than the top 
samples. When statistically analyzed, composite samples from rows 8, 10, 
13 were significantly lower in total copper deposits than from the 


Somewhat similar patterns were found with the two sided (Bean 
12-RC) machine, however, it should be noted that the number of rows 
covered by each swath was less than for the one sided machine ( Myers). 
consequently there was a build up where spray swaths overlap in the top 
samples (Figure 6). Almost all these samples had a higher deposit than 
did the standard boom-sprayed samples. The bottom samples from plots 
sprayed with the Bean 12-RC received considerably lower deposits as 
shown in Figure 7. However, samples from rows 3 and 15, close to the 
machine, had higher deposits than the top samples. 


8 
\ 
\ 
/ 
\ / 
/ 
\ / 
\ / 
\ \ / 
in 
M 
ho 
boom-sprayed rows (Table 1). 
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Row side averages oT cop pe r de posit ri th two sided Bean 
12-RC Unit. 
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**Significantly higher at odds 99 to 1 when comparing N with F 


NOZZLE ARRANGEMENTS 


Modifying the nozzle arrangement on the Myers machine resulted in 
a different overall deposit curve across the spray plot. Figure 8 shows the 
amount of material deposited after one spraying of Bordeaux mixture on 
the sampled rows at the top and bottom locations on the plants with no 
distinction being made between left and right side of the row. More material 
was carried to the center of the plot with the modified nozzle arrangement 
than with the regular nozzle arrangement when compared with the 
hydraulic boom sprayed plants. This was probably due to the larger droplets 
being discharged from the larger discs. Using the regular nozzle arrange- 
ment resulted in a very fine mist that was easily blown about by cross 
winds. However, deposits still remained low on the bottom portions of the 
plants. 


Errect oF WIND 


Wind velocities over 10 mph seriously impeded the performance of 
the machines. Under such conditions the mist stream was blown back at 
the machine thus limiting the effective swath to only a few rows or was 
carried a longer distance with the wind. Figure 8 shows a slight shift in 
the deposit pattern due to a 5-9 mph wind. As the spray material was 
discharged from the manifold, winds tend to buffer it down or upward. 
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sides sprayed with a Bean 12-RC unit, 28 row 


boom sprayed rows on Green Mountain variety 


> 


Swatu Wiptu Coverep BY MACHINES 


mber of rows that could be covered by a particular machin 
largely on manifold design in relation to one or two sided 
d nozzle arrangements. The use of larger discs at the top of 


all 


ld resulted in a larger discharge, presumably with larger droplets 
be carried further away from the machine by a combination of 
rtia and the air stream. This is evident in Figures 8 and 9. In 
to 7 rows (18-21 feet) were covered on each side by a two 
machine and 10 to 13 rows (30-39 feet) with a one-sided 


used with the proper nozzle arrangements 


DISTRIBUTION OF COPPER O? SURFACES 


leat print data in 1953 showed that when plants were small (8 i 
high), upper leaf surfaces were covered with a higher spray deposit in most 
cases when sprayed with an air-blast sprayer than when sprayed with the 
hydraulic boom sprayer. Lower leaf surfaces showed less spray materi: 
than the upper leaf surface except for rows close to the machines wher 
lower leaf surfaces were exposed to the spray blast. When the spray swaths 
overlapped in a 22 row plot, uniform distribution was found on the upper 
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ypper deposits for the bottom right an it side ot in sampled rows 


of both sides sprayed with a Bean 12 unit, 28 row plot, compared with 


boom sprayed rows on Green 


and lower leaf surfaces on either side of the row. Plants spraved with the 
hydraulic boom sprayer showed slightly lower spray deposits on the lower 
leaf surfaces when compared with upper leaf surfaces. 

Leaf prints taken, after the third spraying, from the bottom of plants 
at their maximum height showed that both upper and lower leaf surfaces 
contained only a light deposit of spray material except in those rows close 
to the machine. Plants in the smaller plots (22 row) showed slightly 
heavier deposits than plants in the wide plots (26 row). Plants sprayed 
with a boom sprayer showed more deposit on the upper leaf surfaces than 
on the lower leaf surfaces 

Leaf prints taken from the middle position on the plants again showed 
more uniform distribution on the upper surfaces on rows in the center of 
the plots than on rows close to the machine. It appears that the material 
was sprayed on to the plants near the machine but that droplets fell by 
gravity on plants away from the machine. 


DiscUSSION AND SUMMARY 


Several factors must be taken into consideration when air-blast type 


spray equipment is to be used on potatoes. In a series of experiments 
conducted with four air-blast attachments information was found, based on 
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\verage copper deposits for the top and bottom portions of plants in rows 
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sprayed rows. Samples taken trom a 22 row plot of Katahdins after one 


spraying of Bordeaux mixturé 


copper deposit data, concerning the effectiveness of these machines 

Considerably better coverage was obtained when 8 in. plants were 
sprayed than when plants were sprayed at their maximum height. This was 
apparent in both 22 and 26 row plots. However, modification of the nozzle 
arrangement helped to correct the small amount deposited in the center of 
the plot based on total copper samples 

In general, the side of the row toward the mist blower consistently 
received more spray material than the side away from the blower, The rows 
in the center of the spray plot or the area where the spray swaths over- 
lapped received more or less uniform spray deposits on both sides. 

When plants were small, there was a tendency to deposit more 
material in the center of the plot. This increased deposit reflects the 
overlapping effect when the spray swaths extend beyond the center of 
the plot. However, maintaining the same plot width throughout the spray 
season may result in less material deposited in the middle of the plot when 
plants are larger. 

In all cases, the upper portion of the plants consistently received a 
greater amount of spray material than the bottom portion. Deposits on 
the upper portions were considerably higher than from the standard boom 
application while deposits on the bottom portions were much lower. In 
such cases the possibility exists that the heavy deposits at the maximum 
peaks might lead to residue or phytotoxicity problems while the lighter 
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unit compared with boom sprayed rows. Samples taken from 
of Cobblers after one spraying of Bordeaux mixture. 


deposits might be ineffective against heavy insect or serious disease 
problems. 

\djustments in nozzle arrangement were necessary to obtain better 
coverage and to increase effective swath width. However, the fact still 
remains, that the bottom portion of the plants received less spray material. 

Although the plots were sprayed when wind conditions were at the 
lowest velocity, some effects were visible in the deposit data. In general, 
winds up to 5-6 mph did not seriously impede the performance of the 
machines. However, machines equipped with nozzles discharging a fine 
droplet size were affected more than ones producing larger droplet size. It 
was noted in many cases that the wind was able to alter the effective air- 
blast so coverage was obtained only on 2 or 3 rows away from the machine. 
However, the mist stream was able to blow over 20 to 25 rows when the 
wind was in its favor. Apparently such droplets dry out and become too 
small to impinge on the leaves and consequently low deposits were found 
in such areas 

The number of rows that can be covered by any particular machine 
depends largely on manifold design, one or two sided discharge, nozzle 
arrangement, size of plants and direction and velocity of prevailing winds. 

Distribution of copper deposits on the top leaf surfaces were greater 
than those on the lower leaf surfaces. However, in rows where the air 
stream could effectively move the foliage, the lower leaf surfaces on the 
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row toward the blower received more material than the uppet 


he row away 


he opposite was found on the side of t 
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WEBB: SCHULTZ POTATO VIRUS COLLECTION 
SCHULTZ POTATO VIRUS COLLECTION! 
WEBB- 


The most complete collection of potato v_ruses in the United States 
is maintained on Aroostook Farm, Presque Isle, Maine, and at Beltsville, 


Maryland. The collection contains 15 distinct viruses, some of which occur 


ains, that cause certain clisease of tl potat (Table 1) Most of the 
riginally obtained by 
Kk. S. Schultz, United States Department of Agriculture, in 
collaboration with Donald Folsom, Maine Agricultural Experiment Station 
\ few of the viruses were submitted for study by other investigators and 
then entered in the collection as stock cultures 
This collection has become virtually the type culture collection of 
potato viruses for the United States. Certainly no other group of potat 
viruses in this country has been maintained, tested, and selected for type 
symptoms induced in the host while under the continuous personal super- 
of its founders for almost 40 vears. Most potato pathologists 
States and some in foreign countries at one time or another 
d virus cultures from the collection.” Some potato-disease 
investigators who are unable to maintain virus cultures in their laboratories 
request them regularly each year. In 1956 alone, cultures of 18 strains of 
S viruses were requested by pathologists in 8 States and 1 foreign country. 
Dr. Schultz is co-founder of the collection and maintained the cultures 
alone from 1936* until his retirement in 1954. It may therefore be con 
sidered as largely his personal collection of potato viruses. In recognition 
of the tireless efforts of Dr. Schultz in preserving this valuable collection 
his invaluable services to the industry, the collection has been named 
Potato Virus Collection 
Collection. The name of each virus or strain in 
the collection, date of its selection or receipt, potato variety from which 
each was selected, date entered in the collection and the publication in 
which appeared the original description of the disease incited are listed 
1 table 1. Most of the viruses and strains were isolated from naturally 
occurring diseased specimens in* Maine. Cultures of viruses identified in 
other areas were supplied by the following contributors; Witches’-broom 
virus by F. Dana, Pullman, Washington; calico mosaic virus by T. P. 


1 


rvallis, Oregon: vellow dwarf virus by F. M. Blodgett, Ithaca, 


virus collection actually dates from 1916. Dr. Schultz and Dr 


vere then collaborating on a study of the causes and control of the 


m diseases affecting potatoes in Maine. That year they recog- 
he variety Green Mountain, the first distinct degenerative disease, 
ic. In the next decade, these 2 workers selected and studied 10 
| for publication January 2, 1958 
yperation with Maine Agricultural Experiment Station 
2Senior Pathologist, Crops Research Division, Agricultural Research Service, United 
States Department of Agriculture, Beitsville, Md 
Requests are submitted to Chief, Plant Quarantine Branch, for approval prior to 
shipment of infected material 
4Dr. Reiner Bonde, Maine Agricultural Expe 
maintaining the virus cultures from 1924-193 


iment Station, assisted Dr. Schultz in 
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different virus diseases of the potato in Maine and worked out the basic 
principles for their control (7,8). During this period it was first realized 
that msects were important carriers of viruses and the virus cultures 
therefore were placed under insect-proof cages to prevent contamination 
and insure against loss of the original virus and plant specimen. 

Waintenance. Each virus culture has been maintained in tuber 
progeny, and plants of the original variety in which it was first selected 
Subinoculation from the original cultures to other potato varieties and 
seedlings were necessary for study and identification. Two seedlings, one 
designated S 41956 (immune from virus X) and another of Green 
Mountain (virus X-free) closely resembling the commercial variety Green 
Mountain, proved adaptable for the maintenance of the viruses free of 
virus X. Since virus S has been reported, some of the viruses have been 
transferred to the variety Saco, which is immune from viruses A, S, a1 

Each potato variety or seedling containing a virus culture is g 
under 2 separate insect-proof cages in the field (Figure 1). Fou: 
are grown in each cage. This usually supplies sufficient tubers 
variety for study, for replanting the cages and for distribution 
investigators 


Prior to 1955, propagation of the virus culture was done undet 


enclosed with fine-mesh copper wire and heavy muslin (right rear, 


1). It was found that only a few varieties and seedlings would t 
ages. and furthermore during cool ‘ist. cloud) 

unde , . and furthermore during cool, moist, cloudy 

some cultu je i ‘rious danget of being lost. Twelve cage 


modi fie t 0 a 12-inch pliofilm (acetate, .10 weight) 


Figure 1.—Virus culture maintenance plot on Aroostook Farm, Presque Isle, 
Cultures have been maintained under these insect-proof cages since 1922 to 


contamination, and insure against loss of the original virus and plant specime 
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he upper half of the ge for better illumination of plants 
trip of fine-mesh copper wire just below the pliofilm and one on 
of the top provided ventilation. Heavy muslin with an 18-inch 
meshed zipper sewn in the middle was used to cover the top centet 


e cage. This facilitated close inspection of the enclosed plants 
for periodic application of an insecticide and fungicide. Figure 
increased yields of tubers produced by healthy Katahdin 


he newer type cage 
llection is observed closely during the growing season and 


ages are re moved at harvest time, each plant is closely inspected 

particularly aphid The vines are removed, and the tubers 
plant in each cage are harvested separately and divided into 2 
or replanting the same hill in the cage the following year and 


‘sts at Belts 


for distribution to inve ators and for greenhouse te 
rvland 


tuber from each hill in tl lection is planted in the greenhouse 

for observation of plant symptoms and tests for purity of the 

rus culture. Variations in plant type or virus symptom characteristics 

are noted. Tubers from the affected plants are removed in order to maintain 

iginal type virus. Similar observations are conducted in a small 
‘vational plot planted at Presque Isle, Maine 

Maintenance of the ‘nt stock culture collection of potato viruses 

requires approximately 100 insect-proof cag These are all of the newer 


type which permits better illumination of the growing plants. About 10 to 

15 medium-sized tubers are usually obtained from each cage, and experience 

1 are sufficient to insure maintenance of each culture 
material for disease investigations, 


iT the Collection. This virus collection has been and 


neasurable value to potato disease investigators and the potato industry 


ype cultures secured from the collection have been used in basic research 
iruses such as physical . . Strain variations, serological 
us-vector relationships, studies and studies of the nature 
resistance Pure cultures } viruses maintained in the collection 

d an important part in the development of disease control 


nsecticides and the development of disease-resistant 


Is 


Most potato varieties resistant to virus diseases that have been 


jointly by the United States Department of Agriculture and 
e States since 1930 were initially evaluated by inoculation wit! 


thi 


123-132 


iner and Donald Merriam. 1954 \ yellow spot vir } potato vari 
\roostook County, Maine. Phytopath. 44: 608-609 
Ouboter, M. P. 1952 new potato virus. Proc. Conf. Potato virus 
ase. Wageningen-Lisse, | 83-84 
1, Charles W 1 Dana. 1924. Witches’ Broom of potatoes 
he Northwest. Phytopath. 14: 372-383. 


DR 193] The infectious nature of potato Calico. Hilgardia 77 
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PIMING MALEIC HYDRAZIDE SPRAYS TO STAGE OF 
PLANT DEVELOPMENT?! 


L.. SAWYER AND S. L. DALLYN? 


Maleic hydrazide had given inconsistent sprout control on Long Island 
when used according to the recommendations of northern growing areas. 


Che northern recommendations are usually based on a certain number of 
days before harvest or before the vines start to go down. This paper deals 
with an attempt to tie time of application to a definite stage in plant 


development 
Che importance of time of application was demonstrated by Kennedy 
Snuth (4). Sprays applied early in the season caused increased tuber 
set and yield reduction. Applying the material before vines were in an 
advanced stage of maturity so that the material would be translocated was 
of major importance in obtaining sprout control. Wittwer and Paterson, 


ghlands, Licciardello and Cunningham (3) Franklin and Thompson 


ill found that satisfactory sprout control could be obtained from malex 


azide sprays applied several weeks before harvest. Denison (1) found 


that a blossom fall application of maleic hydrazide gave less detrimental 
effects to the tubers than earlier spravs. Salunke and Wittwer (5) 


obtained beneficial effects on specific gravity and color of potato chips from 


use of maleic hydrazide but, in general, other workers have not noticed 


MATERIALS AND METHODS 


hydrazide at 3 and 5 pounds per acre was applied to Katahdin 

dates of application in 1953. These dates were early bloom, 

ossom fall and two and four weeks from blossom fall. Sprays 

to Cobblers at full bloom, blossom fall and two weeks from 

Dates of application for 1954 were similar to 1953. To 

the sprays would react similarly for various planting dates, 

3 and 5 pounds per acre were applied to Katahdins planted 

\pril 5 and May 15. In 1955 the treatments remained similar to 1954 
with planting dates of April 12 and May 8. 

Plot sizes mm 1953 and 1954 were 2 rows wide and 25 feet long. In 
1955 plots were 4 rows wide and 27 feet long. The statistical design was 

factorially as a randomized block 

amples were saved from each plot at harvest for the various storage 

inations reported and held at 50°F. Shrinkage, sprouting and black 
lata were taken in early February after 5 months storage. 

Black spot index was obtained by bruising twenty pound tube 
samples and peeling after 48 hours. The black spot index was from 0 
through 9 taking into consideration both the severity of the black spot 
and the per cent tubers showing the blackening. The peeled darkening 
index was obtained by abrasively peeling tubers and determining the 
amount of discoloration that had taken place in one hour. One indicated 
no discoloration and nine severe discoloration. The chipping index was 

or publication January 2, 1957 
412, Department of Vegetable Crops, Cornell University, Ithaca, N. ¥ 
Island Vegetable Research Farm, Cornell University, Riverhead, N 


620 
thes« ettects 


1958 | SAWYER AND DALLYN: TIMING MALEIC HYDRAZIDI 621 


obtained by frying cured samples and rating the color of the chips 1 
through 9. One indicated very dark chips and 9 light chips with 5 considered 
the darkest level for commercial acceptavility. Chipping samples for 1954 
were held at 40°F and for 1955 at 50°F. Tuber analysis for maleic 
hydrazide was made by Naugatuck Chemical 


RESULTS AND DISCUSSION 


ic hydrazide gave excellent sprout control for the 1953 season 

when applied at blossom fall and shortly thereafter. When applied later 

than two weeks from blossom fall, even though vines were still green and 

growing, a dosage of 5 pounds per acre was necessary for sprout control 

with Katahdin tubers. There were no effects on quality or yield at any 

date of application. Residue analyses corresponded very well with sprout 
ing. Results for the 1953 season are shown in table 1 

1954 the dosage and date of application of maleic hydrazide had 

m yield. This was interesting to note since this was the second 

a row that early bloom applications did not give the yield 

other workers have reported. Specific gravity of maleic hydra 

ited tubers tended to be lower than checks. Sprays applied latet 

than two weeks from blossom fall failed to give good sprout control 


although vines were still green. Sprays reacted similarly on potatoes from 


both dates of planting although there was considerably less sprouting 
with the late planted tubers. Maleic hydrazide sprays had no effect on black 
spot or peeling discolorations. There was a tendency for tubers treated 
with five pounds of maleic hydrazide per acre to chip lighter. Tubers had 
heen stored at 40°F before curing and all samples chipped relatively dark 
Results for 1954 are given in table 2. 

In 1955 applications of maleic hydrazide gave a decreased yield at 
early bloom with both early and late planted tubers. With early planted 
tubers a full bloom application caused a decrease in yield. Maleic hydrazide 
sprays had no effect on black spot, peeled discoloration or specific gravity 
of tubers. Sprays at the blossom fall stage and full bloom stage gave 
excellent sprout control. The spray dates which gave the most effective 
control of sprouting also had a tendency to give poorer chipping color. 
Results for 1955 are given in table 3 

Effective sprout control with maleic hydrazide sprays was obtained 

timing. Planting dates and harvest dates vary so in areas such 

Island that timing cannot be made according to number of days 
before harvest even though vines may be green several weeks after applica- 
tion. Sprays applied earlier than blossom fall gave yield reductions some 
years. Sprays applied later than blossom fall tended to give reduced sprout 
control even though vines were an actively growing green at application. 
The blossom fall application date gave good results each year regardless 
of the date at which potatoes were planted. In general, maleic hydrazide 
had no consistent detrimental effect on the various darkening reactions 
tested which are associated with the potato tuber. 

Several noteworthy indications not directly concerned with maleic 
hydrazide were obtained from these factorial experiments. The late date of 
planting tended to give a reduced sprouting problem in storage. This was 
probably due to the greater immaturity of the late planted tubers and the 
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consequent longer rest period. Late planted tubers showed much less black 
spot in 1954 than the early planted tubers. Although results from 1955 
no differences due to planting dates, experiments on planting dates 
several years have generally given the reduced black spot found in 

‘o consistent effect on quality was obtained from date of planting. 
climatic conditions during the maturing season were probably of much 


more importance on the specific gravity than the actual planting time. 


sl owed 


SUMMARY 


Maleic hydrazide sprays, 3 pounds per acre, applied at blossom fall 
gave consistently good sprout control. Sprays at this 


stage of plant 
develop: eTit gave sood 


g results to potatoes planted early or late in the 
season, 
Maleic hydrazide sprays had no effect on black spot « 
discoloration. There 


quality 


r peeling 
was no consistent detrimental effect on chipping 


Late date of planting tended to decrease 


sprouting and black spot 
but had no 


consistent effect on specific gravity. 
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THE EFFECT OF ZINC AS A CONSTITUENT 
OF POTATO FUNGICIDES! 


ALLBECK~ 


Studies on the effect on late blight control and on the yield of potatoes 
when a zinc salt is included in the regular spray mixture, and on the 
effect on yield of treating seed pieces in solutions of zinc salts and of 
incorporating zinc compounds with the soil, were begun at the Science 
Service Laboratory in Charlottetown in 1949. A paper (3) was published 
in 1954 in which the results obtained up to and including 1953 were 
discussed. This first paper presented a review of the literature on the 
establishment of the essential nature of zinc in the nutrition of chlorophyll 
containing plants and on many experiments that had been conducted in 
other regions to ascertain what effect, if any, the element exerted on the 
vield of potatoes. It will not be necessary, therefore, to preface this second 
paper with a literature review 


EXPERIMENTS AND RESULTS 


ests 


attempts during the first years of the investigation, to discover 
or not zine-containing sprays tended to stimulate yield of tubers, 
ate, used alone and added to copper fungicides, was sprayed at 
regular intervals on randomized and replicated plots of potatoes. The 


zinc sulpl 


varieties employed were Green Mountain, Irish Cobbler, Kennebec, and 
Keswick. In these first years of study, an unsprayed check plot was 
included in every arrangement, and unsprayed rows of potatoes were used 
to separate the treatments and to border the experimental area. Each 
year, late blight disease attacked the foliage, causing partial or complet 
defoliation in the unsprayed controls and varying percentages of defoliation 
among the several treatments. Consequently, the yield results, although 
favorable to the zinc-containing sprays, must be considered to have been 
influenced by defoliation and by the measure of disease control achieved 
by the several spray mixtures. It was demonstrated (3), however, that 
zinc sulphate, when used alone, has some fungicidal value, and when 1n 
corporated with tribasic copper sulphate, copper oxychloride sulphate, and 
copper sulphate-lime sprays, increases the efficiency of these fungicides. 

lhe conducting of spray tests, as briefly outlined above, was continued 
until 1955. In that year nine treatments were studied and these were: 
check; ZnSO,; 5H:O, 2 Ibs. in 80 Imperial gallons of water; MnSO,; 
2H.,O, 2-80; nabam, 2 qts.-80; nabam + manganese sulphate, 2 qts. + 
1 Ib 80; nabam + zinc sulphate, 2 qts. + 1 Ib. —80; Tri-Basic Copper 
Sulphate (53 per cent Cu), 4-80; Tri-Basic-Manganese (48 per cent Cu, 
3.5 per cent Mn), 4-80; Tri-Basic-Zine (48 per cent Cu, 4 per cent Zn), 


4-80. The three copper fungicides were prepared by the Tennessee Cor 
poration 


!Accepted for publication February 24, 1958 
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of the Green Mountain variety were planted on June 14. Each 
plot was four rows wide by 50 feet long, and nine plots one for 
each treatment were planted in each of six ranges. Six applications 
were made, the dates being July 20, 29, August 9, 19, 26, September 2. 
When the first late blight lesions were found in the vicinity, all plots 
were doubled-sprayed with captan (which contains no metallic ion) in 
or to exclude the disease from the experiment, so that yields 
be affected by defoliation. This treatment was given on August 
and September 7. However, some defoliation, in spite of 
occurred in the check plots, with a lesser amount in the 
ved with zine sulphate solution and in the plots sprayed with 
langanese sulphate solution, The yields of the plots of these three treat- 
ments, therefore, must be considered to have been affected by the degree 
ot defoliation suffered by the plants. Almost no late blight lesions were 
found in the other plots, and it may be assumed that yields were not 
affected by differences in amounts of defoliation. In erder to prevent de 
foliation differences from developing, the plots were killed down by spraying 
them with a solution of sodium arsenite on September 14, or 91 days after 
planting. The yield data are presented in table 1 where it is shown that, 
onditions of the 1955 test, zinc, when added to nabam or 
pper sulphate, increased yield, the increase in both cases being 

that produced by manganese. 


Effect of spray treatments on yield 


lubers 


Borde aun 

Borde 

Borde aun 

Nabam 

Naban 

Naban 
299 2 
309.8 


311.1 


In 1956 and in 1957, no unsprayed plots, border rows, or buffer rows 
were planted, by which expedient it was hoped that late blight could be 
controlled completely, thus removing defoliation difference as a factor in- 
fluencing yield. In both years the fungicides employed were similar: 
Bordeaux, 8-4-80; Bordeaux + zine sulphate, 4-4-4-80*; Bordeaux + 
‘One-halt the copper sulphate is replaced with zinc sulphat 
*One-halt the copper sulphate is replaced with manganes 


1058 
} TABLE 1] 
| Bushels per Acre of No.1 

—— 1955 1956 1957 Mean 
1956-57 
345.0 305.8 
| 345.4 317.9 
361.5 342.9 
359.3 329.2 
350.2 330.0 
lri-Basic Copper + Zn 205.0 — 3767 343.9 
MnSO,.2H.0 152.3 
ZnSO.5H:O 191.7 
acl 37 3 
Checl 137. 
{ 
S.D. 5 Per cent 19.28 
S.D. 1 Per cent 25.80 
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+-4-4-80*, Tri-Basic Copper Sulphate, 4-80; Tri 

asic-Zine (4 per cent Zn), 4-80; Tri-Basic-Manganese (4 per cent Mn), 
Che variety used was Green Mountain. Each plot was four rows 

by 50 feet long, and the treatments were replicated through five 

in 1956 and six ranges in 1957. In both years, all plots were 
with DDT and once with a mixture of DDT and Malathion. 


manganese sulphate, 


ranges 


sprave d twice 


The plots were planted on June 5 in 1956 and on June 3 in 1957, and, 


vears, top killer was applied on September 13. Spray dates were 
July 16, 26, August 6, 15, 27 in 1956 and July 17, 26, August 
28, September 6 in 1957. There was little blight in the region in 
no lesions were found on the plants in this experiment, and in 
ough disease conditions were severe in the province, the fungicides 
The plots were harvested two weeks after top killing, 
records. The results, expressed 


in bot! 


altl 

plete control 
| for vield 
table 1. The mean yields of the 
whereas the effect of man 


lv signi 


enter rows being use 

1 tubers, are given in two years 

encouraged yield increases 

I In neither vear were the differences statistical 

h zinc-containing fungicides showed the favorable response 
Ellis (4, 5), Berkeley et al. (1, 2), and Hoyman (6 


‘ct on yield of soil applications of zinc compounds was stt 
application experiments, anc 


(sreen Mountan 
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same period as 
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he 1954-1957 period, the s were conducted 
hange being the replacement of zinc oxide by 


( 


s tes 


),°7H.O and Zn(C.H;0. 2H.O were applied in solution to 
ls before planting at 1 rate of one gram per foot, equivalent to 
inds per acre, and providing 6.55 and 8.58 pounds of metallic 

per acre, respectively. The ZnO, being insoluble in water, was applied 


equivalent to 14.4 pounds per acre or 11.57 
1957 was Versonol Zin 


der form at a rate 
The zine chelate used in 
Company. It was 
6.5 pounds per acre 


wounds of metallic zinc. 
helate (10 per cent Zn) of Dow Chemical 

drills in solution at the rate recommended 
vear, the area was fertilized with regular commercial fertilizer at the 


applied 


1000 pounds per acre, appropriate applications of a copper oxy 
sulphate fungicide were made, DDT and Malathion were used 
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as required for insect control, and the plants were destroyed in the 


autumn with a sodium arsenite top killer. 

The results are given in table 2, which also includes data for the 
years 1952 and 1953. Over the six-year period, zinc acetate and zinc 
ach applied as drill applications at the rate of 28.8 pounds per 
acre, resulted in mean gains of 14.1 and 13.6 bushels, respectively, of 
No, | tubers. An experiment, technically identical with that conducted 
at Charlottetown, was conducted by Dr. N. S. Wright at the Laboratory 

Pathology, Vancouver, British Columbia, in 1956, and included 


ilphate and zine acetate, each at 28.8 pounds per acre. In this test, 


sulphate, ¢ 


the check plots produced a mean yield of 382.9 bushels of No. 1 tubers 
per acre, and the sulphate and acetate of zinc gave 429.6 and 412.9 bushels, 


11 ase being 46.7 and 30.0 bushels, respectively) 


Effect of sinc soil applications on 
VWountain potatoes 


Mean 


190.5 | 190.3 | 389.0 | 288.0 
202.4 | 216.5 | 389.4! 301.6 
201.7 | 226.6 | 3 


191.5 | 203.7 


75.8 | 302.1 


382.4 


m the effect of he vield of 

oncerned with ‘atment. Preliminary t were con 
greenhouse in the winter of 1949-1950. In two separate 
the rate of plant emergence was increased soaking seed 
one minute in a solution of zinc sulphate before planting them 
effect was observed in the field in 1950, but it appeared that 
rapid emergence and better growth was induced by the control 
piece decay rather than by the nutritive value of zinc. In 1950, 
ting was made at the beginning of a dry, hot period, and as a 
ergence was retarded, and a number of seed pieces decayed. Fifteen 
the first shoots were obse rved, the plants in the check rows had 
constant emergence of 86.3 per cent. Therefore, 13.7 per cent 


treated seed pieces decayed and failed to produce plants. A maxi 


emergence of 97.9 per cent was shown by the seed pieces 
a 1 pound-20 gallon zine sulphate solution two days earlier than 


and the seed pieces treated in a 2-20 zinc sulphate solution 

maximum emergence of 96.8 per cent three days earlier than the 

checks reached their maximum emergence. No differences in emergence 
rates or growth rates were observed in any subsequent year except 1956 
the zinc treatments exerted a slight effect on emergence rate. The 
results suggest that zinc sulphate may have some value in preventing seed 
piece decay under certain conditions. Millikan (7) found that soil applica- 
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er Acre | 1952 | 1953 | 1954 1955 | 1956 | 1957 | 
Checl | 323.7 | 285.7 | 348.8 
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ZnO 11.57 310.5 | 3361.7 | 
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inc sulphate assisted cereal plants in withstanding the deleterious 

ot certain microorganisms, but he did not determine whether this 

was caused by the zinc sulphate affecting the nutritional status of 
plants or by its fungicidal action. 

Che studies on seed piece treatment were kept uniform through the 

1957 period. Cut seed was soaked for two minutes before planting, 

ve treatments being employed: distilled water, hydrogen sulphate, zinc 

ilphate, hydrogen acetate, zinc acetate. The acid and salt solutions were 

0.O8N. The seed pieces were planted in single 50-foot rows, each treatment 


Sl 


was replicated six times, and the variety Green Mountain was used 


throughout the six years of investigation. The plots were sprayed at proper 
intervals with copper oxychloride sulphate, DDT and Malathion were used 
at appropriate times to control insects, and commercial fertilizer at a 
constant rate of 1000 pounds per acre was incorporated with the soil. 
Perfect control of late blight disease was maintained, and the plants were 

killed in the autumn with a sodium arsenite top killer. 
h of the years from 1952 to 1956, the yield data showed that 
soaked in zine sulphate solution produced higher yields than 
soaked in distilled water or in hydrogen sulphate; similarly, 
treated in zinc acetate solution produced higher yields than 
soaked in distilled water or in hydrogen acetate. In 1957, the 
hate seed treatment showed the same effect as in previous years, 
zine acetate treatment, although resulting in slightly higher vield 
he hydrogen acetate treatment, fell somewhat below the distilled 
treatment. In no year were the yield differences statistically signifi 
but, after analyzing the combined data for the 6-year period, signifi- 
reases were found for the zinc treatments. It is shown in table 3 
an yields for distilled water, hydrogen sulphate, and hydrogen 
are almost uniform, being 317.8. 316.7, and 316.0 bushels of No. 1 
tubers per acre, respectively ; both the zinc treatments resulted in consider 
higher yields—338.1 and 331.1 bushels, respectively, for the sulphate 

and acetate of the metal 

In 1956, the seed piece treatment experiment was conducted not only 
at Charlottetown but also at Winnipeg, Manitoba, and at Vancouver, 
British Columbia. The data from this co-operative experiment are given 
in table 4+ where it is shown that the yields on the prairie soil and the west 


coast sot ere highest for the zinc treatments, and the mean yields for the 


rion t follow the same order as that of the mean vields for the 6 


o-Te 


test at Charlottetown 
SUMMARY 


Four additional vears’ results on studies of the effect on late blight 
control and on yield of potatoes of including a zinc salt in the regular spray 
mixtu and of the effect on yield of treating seed pieces in solutions of 

ts and of incorporating zinc compounds with the soil, are reviewed 
in this paper. Sufficient material from the preceding five years’ study has 
been included for the purpose of sequence. The chief emphasis in this 
second paper is on the effect on yield 

Spray tests indicated that zinc sulphate, when used alone, has some 
fungicidal value, and when incorporated with tribasic copper sulphate, 
copper oxychloride sulphate, Bordeaux mixture, and nabam increases the 
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seed treatments on yield of Green Mountain potatoes. 


Distill 
H.SQO, 
ZnSO, 
HC.H.O 391.0 


2H. 398.4 


or two minutes; acid and salt solutions 0.O8N 


not used in 1954 and the m ing ield valu ! 
ethod of Goulden 


Distilled H.O 
H.SQO, 

HC.H,O 

HO 2H.O 


Nuke 


*Cut seed soaked for two minutes; acid and sal 


efficiency of these fungicides. During the first several years of the spray 
tests, late blight attacked the foliage, and, although the zinc-containing 
sprays produced higher yields, it must be assumed that the vields were 
influenced by the variations in disease control among the fungicides. Late 
blight was eliminated as a factor influencing yields in 1956 and in 1957, 
and in both years zine sulphate increased yields when it was added in a 
copper spray. 

In a 6-year period of investigation, drill applications of zinc sulphate 
and of zine acetate, each at 28.8 pounds per acre, gave mean increases of 
13.6 and 14.1 bushels of No. 1 Green Mountain tubers; zinc oxide at 14.4 
pounds per acre gave a mean increase of 13.1 bushels in the 4-year period 
that it was used; a zine chelate at 6.5 pounds per acre, but used only one 
year, gave no increase in yield. In Vancouver, British Columbia, the drill 
applications of zinc sulphate and zinc acetate resulted in gains of 46.7 and 
30.0 bushels, respectively. In no case were the increases statistically signifi- 
cant 

Yield data over a 6-year period at Charlottetown showed that seed 
pieces soaked for two minutes in 0.08N solutions of zinc sulphate and zinc 
acetate produced significantly higher yields than seed pieces soaked in 


1958 | CALLBE¢ 
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TABLE 3.—E ffect of 
Bushels per Acre ot No. 1 Tubers 
| 1952 1953 1954 1955 195 1957 Meat 
| 302.2 314.7 220.8 322.1 379.7 317.8 
91.1 312.4 224.4 308. 385.9 316.7 
317.2 325.2 254.3 395.1 338.1] 
284.4 311.0%") 229.2 307.4 372.7 316.0 
A 308.0 331.5 250.1 324.7 374.0 331.1 
at P 1.05 97 
L.S.D. at P 0.01 13.2 
*Cwt seed pieces soaked 
**H ydroge acetate was is been calcu 
ited a ng to tl | 
reatinents } cld ona Na riai LY JO. 
. Bushels per Acre of No. 1 Tubers 
stment* 
Charlottetow1 Winnipeg Vancouvet Meat 
322.1 310 382.9 338. 
JOR 0 297 3729 36.1 
340.6 323 396.3 353.4 
307.6 308 392.9 336.3 
324.7 315 399.6 346.7 
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distilled water or in 0.08N solutions of the hydrogen counterparts of the 
salts. In a co-operative trial in 1956, the zine seed piece treatments resulted 
in mereased yields in Prince Edward Island, Manitoba, and British 
Columbia 
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NEWS AND REVIEWS 


WHAT FACTORS INFLUENCE THE PRICE OF POTATOES! 


FRANCIS P. PUSATERI* 


The popuiar question: “What causes the price of farm products, and 
the return to their producers, to fluctuate so radically from one season to 


another can quite naturally be prefaced by another question: ‘What 
factors influence the price of farm products’. And this question, on a 
strictly academic basis, might be answered in just two simple words— 
“Supply and Demand” 

We have developed what we consider to be seventeen of the more 
important factors which help to create and influence a price structure in 
the potato market and they can readily be applied to most other farm 
products. In theory, this number could very possibly total 170 or even 
1700, but we will use the seventeen we have selected and endeavor to 
develop each of them to a fuller understanding. 

In considering the so-called “major factors’’, it is necessary to picture 
them as operative during every period involved in producing a crop, 1.e. 
during pre-planting, planting, growing, harvesting, shipping, transit and 
storage. Also, the factors are simultaneously active in several specific areas. 
In our case, Kern District, California, is in competition with (and _ there- 
fore interacting with) other areas in the United States where both new 
stock and old stock potatoes exist at the time of our harvest. To restate 
| theme briefly, we will discuss in this article the major factors 
during specific periods in both local and competitive areas. (See Chart.) 


the gene! 


Our seventeen major factors are as follows: 

Per capita consumption, both fresh and non-fresl 
Crop forecasts. 

Rumors. 

\creage and yield. 

Weather conditions 

Quality 

Size and type of container. 

Sales and merchandising ability. 

Daily shipments, or daily terminal market holdings 
Proportion of sold and unsold shipments in transit. 
Inventory stocks at shipping points, in-transit points and receiv- 
ing points 

Research 

Promotion and advertising. 

Transportation costs. 

Time element in distribution. 

Price spread in distribution. 

General economic conditions. 


Ji te W bo 


Per Capita Consumption. 
It is interesting to note that the total per capita consumption of 
potatoes in the United States has dropped from 121 pounds in 1940 to 101 


1Accepted for publication June 26, 1958. 
2Executive manager, Kern County Potato Growers’ Association, Bakersfield, Cal. 
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pounds in 1956. This has happened despite the fact that the consumption of 
processed potatoes has increased from only 1.9 pounds pet — 

pounds over the same period. This trend holds true for several other farm 
products as well. Back in1940, 65 per cent of the potato crop was consumed 
fresh in the home, whereas in 1956 only 


th 


10 per cent was consumed in 
Manne! 


In 1940 there was no processing of frozen french 


fries what 
but in 1956, 9 million 


bushels of potatoes were used for this product 

Potato chips in 1940 were being processed at the rate of 41% million bushels 
in 1956, ten times that quantity, or 45 million bushels, were con 
chips 

spokesman for the U. S. Department of Agriculture recently 

| that processing of potatoes is rapidly becoming more of a factor 

tion and distribution. The housewife not only spends consi le rably 

in the kitchen than in past days. but she 


expects even ner 
time in meal preparation. An increasing amount of foodstuffs 
grocers’ shelves is “pre-something-or-other”: “ peeled” 

“pre sliced”’, “pre cooked” just 
varing knife is 
potatoes, the 


about everything but “pre-digested”. The 
rapidly disappearing from the American kitchen. Speaking 
USDA spokesman further indicated that | 


| a anti cipated 
en only prenuum potatoes, such as fancy bakers, would go to 


m, and some measure of processing would apply to tl 


Processing methods to alter fresh potatoes now 


fries, frozen patties and baked potatoes, chips, flakes 


. granules, flour, starch, 
etc. Dehydrated mashed potatoes from flakes and granules are a recent 
development. They have a very definite appeal to the homemaker sinc 
they represent a tremendous saving in time and effort to 
\merica’s favorite lishe 


prepare one ofl 


mashed potatoes 


recas 


most other crops, potatoes are grown in every state of 
union and are being harvested in some part of the 


l country during every 
month of the year. The 1950 census 


revealed that a total of 1.650.000 
farms reported production of potatoes in the United States. In order to 
keep this widespread national industry informed concerning the indicated 
acreage, yield, production and inventories, the U. S. Department of 
\griculture issues this information in the form of statistical reports 


the tenth of each month. The national potato industry, as a whole 


come to rely on this reporting system as a means of gauging its activities 
Other produce industries, too, consult government reports as a guide. These 
reports, however, have not yet been developed to 100 


per cent efficiency 
and certain inadequacies appear from time to 


time. For instance, there 
seems to be some evidence at the present time that 


recent government 
inventory figures on potatoes, as well 


as indicated yield figures for Kern 
District’s “group”, called the “Late Spring States”, may not have been 
as accurate as could be desired. Such things can readily influence the 


price 
of a perishable commodity 


25 
¢ 
| 
q 
6° 1- 
day \\ 
rest 
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Ruimos 


Strange as it may seem, rumors concerning certain factors influencing 


* produce industry—such as inventory figures, weather conditions, and 
like—play a large part in the price structure for these commodities. 
tato season, for instance, reports were very prevalent that the 
supplies of storage stocks, particularly in the states of Maine and Idaho, 
were relatively low and that adverse weather conditions would cause 
meager production of potatoes in Florida and Alabama, another competing 
area. These rumors caused an artificial upsurge in the price of potatoes in 
the late storage areas, as well as excessively high future prices for potatoes 
on the New York Mercantile Exchange. As the true supply picture became 
evident, prices tumbled from an unrealistic high to equally unrealistic lows 


wh is generally the case with a perishable product 


and Yield 
Despite a greatly reduced national potato acreage over the past twenty 
years, fewer potatoes have not been the result. On the contrary—total 
production has been all the market could bear, and in many seasons, a great 
deal more. This has been true of many other farm products. Increased 
vields have been brought about by a variety of practices, such as the 
elimination of low-yielding acreage, specialized farms, new varieties, wide 


use of certified seed, more efficient control of insects and diseases, and 
widespread use of improved irrigation and fertilizing methods. 
shable commodity prices are extremely variable from one season 
as well as within the same season. For example, during the 
twenty year period from 1920 to 1939, the smallest potato crop (1925) had 
a production value of $505,000,000.00, whereas the largest crop (1928) 
had a value of only $223,000,000.00. In these twenty years the 3 smallest 
potato crops averaged 314 million bushels with an average value of 
$433,000,000.00, and the three largest crops averaged 416 million bushels 
with an average value of only $226,000,000.00. These figures emphasize the 
inelasticity of the demand for potatoes, which is also true in many other 
farm products. Growers will generally receive less total money for a large 
supply than for a small supply. 

In the case of potatoes, analysis during recent years seems to show 
that there is a current market demand for approximately 25 million bushels 
of potatoes per month for food purposes. Prices within a season tend to 
go up or down as offerings increase or decrease from this amount. No one 
has vet been able to develop a correlation among the various factors affect- 
ing prices with sufficient accuracy to be of much value in trading—-at the 
time the trading is being done. As a rule of thumb, the USDA indicates 
that a 1 per cent change in production of potatoes from the average will 
cause an approximate 3 per cent to 4 per cent change in price in the 
opposite direction—when other factors affecting prices remain constant. 
This means that a 5 per cent to 10 per cent change in production can 
cause extremely high or low potato prices. 


er Conditions. 
The factor of weather is considered in terms of temperature and 
precipitation, which may cause certain producing areas to harvest their 


1958] 
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crops early, late, or at a normal calendar period. The 1958 Late Spring 
potato areas furnished some good examples of this influence. Abnormally 
low temperatures and excessive rainfall in Alabama and Florida resulted 
in their potato harvest being 3 to 4 weeks late, while in California, rela- 
tively normal temperatures with excessive precipitation during the planting 
and growing season, caused our harvest to be about ten days earlier than 
normal, but resulted in unusually poor yields. These poor yields were 
caused by the leaching out of fertilizer, the inability to properly cultivate 
fields during the rainy periods, compaction of soil, resulting in hard crust- 
ing of the surface which made penetration during irrigation ineffectual, 
planting of seed in extremely heavy soil, etc. Weather, of course, is an 
ancient and well-known friend or foe of the farm producer. 


6. Ouality 


\ccording to the United States Department of Agriculture, one of the 
most significant truths turned up during the years the Perishable Agricul- 
tural Commodities Act (PACA) has been in force, is that good quality 
creates business and poor quality destroys it. Considering potatoes in 
particular, inferior quality increases risks and cuts down not only profit 
but range of outlets. In produce channels, poor quality tends to act as a 
deterrent to trade and increases the incidence of complaint under the 
PACA. The USDA frankly states that it is unwise to gamble on low grade 
or inferior potatoes. Naturally, this applies to any product, but in potato 
transactions especially, in a buyer's market, quality means more than in 
any other type of transaction. 

Customers have good memories. With.an increasing volume of produce 
on the market, they will be able to trade more and more where they are 
pleased, rather than simply where they are able to obtain the product. A 
survey by the USDA reveals that household consumers rate quality first. 
size second and price third when they purchase potatoes. Appearance and 
cleanliness are more important than price in the mind of the consumer. 


7. Size and Type of Container. 

The past thirty vears has seen a gradual evolutional change in the 
use of various types of containers for perishable products. In the case of 
potatoes, years ago oversize burlap bags were filled with unwashed 
potatoes. When filled they weighed anywhere from 90 to 110 pounds. At 
another early period, unwashed potatoes were packed in wooden barrels 
at a weight of 165 pounds. These containers eventually gave way to 100- 
pound burlap bags, filled with clean washed potatoes. More recently 50- 
pound bags have been used. Very common these days are the 10-pound 
consumer packages made of mesh, paper or polyethylene. A very recent 
innovation for potatoes is the 50-pound carton, which lends itself to a high 
quality, well-shaped potato and a minimum of bruising in transit. It can 
readily be seen that container size and type may have a decided effect on 
price, not only as a result of the container cost itself, but because of resis- 
tance or acceptance factors in the market. 


8. Sales and Merchandising Ability. 
Salesmen in the potato business are often referred to as being 
two types: 
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Type 1: The uniformed “weak sister” variety, with no bookings, no 
enthusiasm, plenty of car numbers— just waiting for the phone to ring or 
a buyer to appear, and 

Type 2: The fully informed man, with lots of enthusiasm. Always 
booked ahead, constantly contacting the proper outlets, offering appropriate 
merchandise according to grade, size and container, and making sales in 
line with his customers’ needs at higher prices, but always in keeping with 
supply and demand. 

Some of the basic fundamentals for selling, merchandising and distri- 
buting potatoes are universally considered to be as follows: 

Whenever possible, book order ahead on either a “firm” or 
” basis—in advance of loading. 
\void loading more shipments chan can reasonably be sold on 
advance bookings. 

c. Avoid indiscriminate consignments, to be handled “for our best 
advantage” 

d. Avoid arrival of “rollers” at major terminals. 


e. Pack several brands of the same grade with varying degrees of 
quality 


f. Size and grade according to premium and select packs 

g Protect the broker, distributor or receiver in handling a brand 
exclusively in a certain territory. 

h. Quote as accurately as possible on grade, size, maturity and 
condition 

i. Keep well informed on all pertinent factors daily, such as: local 
and national weather conditions ; national rail and truck holdings; arrivals, 
unloads, efc.; local, national and international supply outlook on both an 
immediate and a sixty-day basis; supplies going into channels other than 
fresh table use; the latest USDA production, yield and acreage figures. 
Working in the dark hurts the individual as well as the industry. 

j. Repeatedly check the integrity, business ability and financial res- 
ponsibility of buying and selling connections. 

k. Never under-quote or over-quote the ma. k«* 

l. Keep in constant contact with the supply and demand picture in 
competing areas, as well as at receiving points. 

m. Pack “well within” tolerance and don’t try to crowd a grade to 
the full limit of tolerance. Packing “well within” gives some leeway for 
variations if inspected at receiving point. 

n. Protect cash track sales by quoting and negotiating with the 
appropriate price differentials on “delivered” basis. 

o. Specify and insist on federal inspection at receiving point in the 
event of disputed or “trouble” cars 

p. Always confirm sales on a ‘firm” basis, allowing no protection if 
price advances. 

q. Keep buying and selling connections fully informed about “rollers” 
for sale, but do not release control until sale is confirmed. 

Most of these fundamentals apply to every perishable commodity. All 
good salesmen and brokers know and practice them. Those who do not, 
can adversely affect the price of a commodity. 
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Shipments. 


One of the factors that intrigues and occupies the attention of econo- 
nusts on the subject of short term potato price structure is the daily 
shipment figure. Many experienced observers have set up a formula 
expressing the opinion that 7500 carlot shipments, by rail and truck, per 
week is the approximate maximum to return a parity price. Or, expressed 
another way, approximately 1200 carlot equivalents in track holdings at 

1al markets on any given day is an ideal figure. 


Proportion of Sold and Unsold Shipments in Transit 
Short term market trends can easily be disrupted in either direction by 
proportion of sold or unsold shipments that are in transit. 


Inventory Stocks 


Che supplies of any perishable product that exist at shipping point, at 
transit points and at receiving points greatly influence the price received 

that product. In the case of potatoes, national inventory figures are 
‘nerally considered to comprise fall potatoes from the 26 Late States that 
at production points on certain specific dates, these being 
. January 1, February 1 and March 1. These figures are 
released on the tenth day of each of these months by the USDA crup 
reporting service. For practical purposes, however, it should always be 
borne in mind that stocks of these fall potatoes (which compete with our 
own Kern District production) also exist at various “in 


~ 


are in storage 
| 


December 


transit” points 
where cold storage facilities exist, as well as at receiving point storages in 
irious terminal markets throughout the United States. These storage 
are not considered in the government reports. It is pretty generally agreed 
hat during the 1958 Late Spring potato shipping season, supplies of old 
potatoes at in-transit and receiving points were ignored, until the supply 
picture actually made itself known in the form of depressed potato prices 


roughout the country 


] 
| 


\lways vital to the production, marketing or utilization of any agri 
cultural product are the research programs conducted. In farm croy 


research is endless and covers many fields 


It is a slow but steady process 
and results are many times routine, sometimes spectacular, but always 
important. Agricultural research covers such matters as variety improve- 
ment, development of alternate varieties, irrigation management, fertilizer 


Sol 


| management, weed control, growth regulators (such as the cu 
rently publicised gibberellic acid), weather influences, specific diseases and 
problems, new methods of harvesting, machinery to eliminate old problems, 
transportation services, storage factors, market surveys involving consumer, 
wholesaler and distributor acceptance and resistance factors, economic 
analyses, price spread studies, freight rate structures, development of non 

od products (commercial and industrial uses), and development of new 
processing methods and products. The results of research in such fields as 
these will ultimately affect the price structure by shifting the supply and 


demand picture 


‘ 
the 
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Promotion and Advertising. 

The average annual value of the national potato crop at the farmer's 
gate for the past several years has been estimated at about $500,000,000.00. 
The average value at the retail level is estimated to be about $1,000,000, 
000.00. Many industries set aside approximately 2 per cent of the retail 
value of their product for promotion, so it can readily be seen that the 
potato industry, at the production level, should allot some $10,000,000,00 
annually for advertising and promotional purposes. In contrast, approxi- 
mately $750,000.00 was used by the national potato industry for the 
promotion of its product in 1957. This cepresents less than one-tenth of 
the amount that good business considers adequate for a normal job 
of advertising 

The state of Idaho is a classic example of good potato promotion 
“Idaho Russet” is a household word throughout the United States and in 
many parts of the world. A few years ago we met a potato producer from 
South America who was under the impression that “Idaho” was a potato 
variety, That is what adequate promotion can do 

Our national potato industry, including California and Idaho, has 
many talking points on which to base a well-rounded promotional campaign 
in an effort to increase the per capita consumption of our product. Other 
farm products might adapt some of these ideas to their own use. 


Emphasis on the fact that a medium-size potato contains only about 


90 calories, has a beneficial amount of trace minerals and contains a 
generous supply of ascorbic acid (Vitamin C) could be used as a focal 
interest for some time by an advertising program. Speaking of Vitamin C, 
a white potato contains 91 milligrams of this valuable substance per pound, 
compared to 224 milligrams in a pound of oranges, which are popularly 
conceded to be the best source of Vitamin C. There is 40 per cent — or 
almost one-half as much ascorbic acid in a potato as in an orange 

\re potatoes fattening ? Many people still think so, but if we compare 
the caloric content of a few foods, we find that potatoes are very low on 
the list 


For instance: One medium baked potato 90 calories 
Two pats butter 100 
One cup boiled green peas 11] 
One-inch cube of cheese 113 
One large apple 117 
Two slices white bread 126 
One cup whole milk 166 
One ounce fried bacon 73 
One cup white rice. boiled 
One cup macaroni, boiled 
A two-egg omelet 
\ halibut steak, broiled 
One-half avocado 
One hamburger patty (3 0z.) broiled 


In addition to misconceptions about potatoes, our industry has other 
facts that will bear promotion. At a recent conference of the National 
Potato Council it was revealed that increased consumption of potatoes 
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might be instrumental in helping PREVENT heart disease, ulcers and 
other maladies whose occurrence in the American people has increased in 


approximately the same proportions as the consumption of potatoes has 
decreased. Also, there are “straws in the wind” on the subject of the 
medicinal properties of fresh white potatoes, used as food in prescription 
quantities to combat malignancies and allergies. No one can comment vet 
with authority on this phase of potato nutritional qualities, but we believe 
the future will bring ever-widening realization of the highly beneficial 
nature of potatoes in the modern diet. It is easy to see the influence on 


price that a well-rounded advertising and promotion program could have 


14. Transportation Costs. 


In considering net returns for any product it is necessary to give 
serious thought to the cost of transporting that product to its market. For 
all California agricultural products the freight rate trend to eastern popula 
tion centers is steadily rising. Kern District’s competing southeastern 
potato producing areas have freight costs aproximately 40 per cent or 50 
per cent lower than our northwestern and southwestern territories. When 
transportation costs reach a certain level, some producing areas are auto 
matically prohibited from reaching far-away consuming centers, except on 
a luxury-product basis—supplving a specialty item for those few who are 
interested in paying a high price. 


15. Time Element in Distribution 

Potatoes, one of California’s many crops, can be delivered by the 
producer to the consumer's table in from a few hours to three weeks, 
depending on the distance to be transported and subsequent wholesale and 
retail distributive channels through which they must pass. Naturally, these 
liscrepancies in time have various effects on quality and supply, which, in 
turn, has a serious influence on price 


16. Price Spread in Distribution 

Marketing charges cover the many services required to move, process, 
and distribute a farm product from grower to consumer. As part of the 
marketing process, for instance, potatoes are washed, graded, packaged, 
transported to market centers, unloaded, sold several times, and repacked, 
before being displayed for the consumer. As labor, material and transporta- 
tion costs rise, the price spread between consumer and producer becomes 
wider and wider, thus having a direct influence on the ultimate price of the 
product 


17. General Economic Conditions. 

Some experts seem to hold the opinion that the general economic 
conditions of the country as a whole has a direct bearing on the price 
structure for farm commodities. Earlier this season, when our economic 
outlook appeared to be on a somewhat lower level than it is at present 
due, in part, to the curtailment of income in some manufacturing operations 
such as automotive and aircraft—it was reasoned that certain consumers 
diverted their attention from the so-called luxury foodstuffs to less expen- 
sive items such as potatoes. Abrupt changes in the trend of consumer 
desires seem to have an influencing effect, just as sudden drops in tempera- 
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ture in densely populated areas tend to stimulate the consumption of more 
substantial foods such as potatoes. 


SUMMARY 


We have outlined here what we consider to be some of the prime 


factors influencing the price structure for farm products. As noted at the 
outset, all of these 


planting, planting, 


factors operate during specific periods of storage, pre 


growing, harvesting, shipping and transit, in not only 
the local area but in competing areas. In Kern District we find that these 
factors are operating during these periods in at least five competitive potato 
states with old stocks, namely Maine, Idaho, Colorado, Minnesota and 
North Dakota, and in twenty-four competitive states with new stocks. The 
results of this complex interplay of factors during certain periods in certain 
areas, finally results in a price structure. 

Recognizing and properly interpreting and applying the various facts 
discussed in this article is a never-ending process. Psychological factors 
which defy quantitative measure are also involved in marketing any perish- 
able commodity. We trust that our treatment of the subject, although not 
considered from a strictly academic standpoint, will enable the reader to 
have a clearer conception of what is involved in those factors that influence 
of farm products 
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DIPLOID PLANTS IN A SEEDLING POPULATION OF 
CULTIVATED POTATO 


LD. C. Cooper AND G. H. 


The cultivated potato is a tetraploid (2n 48). Diploid plants have 
heretofore been obtained following interspecific matings, using the potato 
as the pistillate parent and diploid tuber-bearing Solanum species as the 
staminate parent. When it was realized that stomatal size and number of 
stomata per unit area might be used as criteria for recognizing the dipliods, 
numerous seedlings developing from seeds produced following self-pollina 
tion between selected lines of the cultivated potato were checked. All the 
seedlings were more or less similar morphologically 

\ mature leaf was removed from each plant, the lower epidermis 
stripped off, mounted in aceto-carmine and examined with a microscope 
using a 20x ocular and a 4mm objective. The average number of stomata 
per unit area in most plants was fairly constant (180-190 in 25 areas) 
and their size varied within definite limits. In four instances the numbet 
of stomata (360-375 in 25 areas) was twice that usually present and the 
size was reduced to such an extent that the largest stomata approximated 
the size of the smallest of those from leaves of sister plants and from 
leaves of commercial varieties such as Katahdin and Red Warba. Fifty 
stomata were measured in each instance. The average size of the stomata 
from each of the four plants was 294 x 234 whereas the means of those 
from sister plants and the cultivated varieties was 38 x 27p. The epi 
dermal cells were likewise reduced in size which accounts for the g1 
number of stomata per unit area 


Three of the plants with small stomata have been examined cytol 
ogically and all are diploids (2n = 24). Such plants are of particular 
interest to the plant breeder. The chromosome number may be doubled 
by applying colchicine to young sprouts of a tuber during incipient stages 
of development. Where chromosome doubling takes place the plants 
produced will be approximately homozygous, a condition that can be 
approached only in a tetraploid after many generations of inbreeding 


Diploid and tetraploid lines within other genera have been examined 
and similar differences in stomata size and number occur. The technique 
for detecting such aberrant forms is a relatively simple one and many 
seedlings can be checked where it is desired to obtain diploid segregates 
from the progeny of a tetraploid species. Undoubtedly many such plants 
have been grown by potato breeders and since they probably produced 
smaller tubers when compared with those from sister plants and few, if 
any, seeds following cross pollinations within the breeding program, were 
discarded. 


1 Department of Genetics, University of Wisconsin, Madison, Wis 


5 
[Vol. 35 


NEWS AND REVIEWS 


\ 


FREE ... CIRCULAR SLIDE RULE 


General Industrial Co 


has just introduced a handy circular Slide 
Rule for engineers and for other plant and office executives 


\ny executive 
who must perform simple calculations will find this convenient, pocket-size 
iulculator extremely useful in his work 


Operation of the rule is simple and the results are accurate. 
multiply, divide and find proportions is easy and exceptionally fast 
is convenient circular rule. Complete 
included with each slide rule 


easy-to-follow instructions will 
our free Circular Slide Rule, write to General Industrial Co., 

Iston Ave., Chicago 30, Illinois. To those of our readers who 

qualify as an engineer or other business executive, to 


Tecelve a 
] General Industrial Co. will be pleased to send one 


for 50¢ 


MAN-KILLING RADIATION 
HAS NO EFFECT ON NEMATODES 
Nematod 


les minute worm-like parasites of plants are unex- 
pectedly resistant to radiation, tests by | S. Department of Agriculture 
scientists reveal. 

rold 


The golden nematode can withstand radiation up to 20,000 roentgens 
before the females are sterilized. (A roentgen is a standard unit of 
radioactivity.) It takes 120,000 roentgens or more to kill this plant parasite. 
her kinds of nematodes 


roentgens for a lethal dose. 


some 


require between 350,000 and 640,000 


mparison, the dosage considered invariably lethal to man 1s 
human fatalities may occur from exposure of as 
roentgens. 


tgens Some 
300 

nematode-killing doses of radiation will injure plants, there is 
no prospect that radiation can be used for killing the pests on living plants. 
Scientists hoped that nursery stock now being quarantined to prevent the 


plant-parasitic nematodes to non-infested areas could be freed 
pests by exposing them to radiation. 


spread of 
of the 


Experiments were started two years ago in USDA’s Nematology 
Laboratory at Beltsville, Md., and at the Brookhaven National Laboratory 
on Long Island, N. Y., to find whether rays from radioactive materials 
could be used to destroy nematodes on soil and on plant material. 

The scientists also hoped to find a practical method of killing nema- 
todes on potatoes grown in nematode-infested soil. Movement of potatoes 
grown on these soils at present is restricted due to the fear of spreading 
the nematodes if these potatoes are used for seed on non-infested land. 
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EUROPEAN POTATO JOURNAL 


Copies of the European Potato Journal, official publication of The 
European Association for Potato Research, have been received by your 
editor and in our estimation it compares favorably with our best scientific 
journals. The editor, Dr. W. H. de Jong, Wageningen, The Netherlands, 
is to be congratulated on the fine appearance and the well balanced subject 
matter in the issue. 

The Journal will be published four times a year and each volume will 
contain at least 240 pages. 

The official languages of the European Potato Journal are English, 
French, and German and all articles will have a summary in all three 
languages. Sample copies are available. 

Personal membership dues in the European Association is 20 Dutch 
guilders or $5.27. For non-members the subscription price is 25 Dutch 
guilders or $6.54 per year. 

Send all correspondence regarding the Journal to Dr. W. H. de Jong, 
P. O. Box 20, Wageningen, The Netherlands. 


DUTCH POTATO ATLAS 


\ publication describing the characteristics of the important varieties 
of potatoes grown in The Netherlands. The varieties are beautifully 
illustrated in color and assembled, in loose-leaf form, in a plastic cover 


so that descriptions of new varieties may be added as they are issued. 
It is published by H. Veemman & Zonen, Wageningen, The Nether- 
lands, in Dutch, English, French and German. Price is $9.50, first supple- 


ment $2.00. second supplement $3.00. 


EUPHYTICA 
NETHERLANDS JOURNAL OF PLANT BREEDING 


This publication now in its seventh volume is well known by plant 
breeders in the United States. It contains the results of research in plant 
breeding in The Netherlands and numerous other countries and is con- 
sidered as one of the best Journals in its field. 

It is published three times a year in annual volumes of approximately 
240 pages. The subscription rate is $4.00 per year, separate issues $1.40 
per copy. Volume 6 and the previous volumes are also available at $4.00 
per volume. Managing Editor: Dr. H. De Haan, Nude 66, Wageningen, 
The Netherlands. 
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This ORTHO 


extra costs 


you nothing 


Your ORTHO Fieldman is always on call when you buy the ORTHO Crop 
Protection program. Because that’s part of his job, too. 

ORTHO Fieldmen are specialists on crop conditions in your area — trained 
to name the trouble and prescribe the remedy. And you don’t pay a penny 
extra for this service! 

Care like this has increased yields, brought better prices for thousands of 
ORTHO customers. Check with your Fieldman now and let him help you to 
higher profits this year! Remember, bigger profits for you is our business. 


CALIFORNIA SPRAY-CHEMICAL CORP. 
A SUBSIDIARY OF CALIFORNIA CHEMICAL CO. 
Richmond, Calif., Washington, D. C. ; 


TM ORTHO REG. U.S. PAT. OFF “Helping The World Grow Better” 


“LOCKWOOD” 


@ A Symbol of Service!! 
@ A Sign of Quality!! 


LOCKWOOD’S SIZER-CUTTER 
HAS THE MOST FEATURES. 
e Sizes and cuts seed in one operation. 


e Cuts up to 50 bags per hour with labor 
of 2-3 men. 

e@ Lowest priced cutter of its kind. MODEL NO. 6-SBC 

—— Manufacturers of a Complete Line of Potato and Onion Machinery —— 

upert, aho ntigo, isc. 

Hereford, Texas LOCKWOOD GRADERS uincy, Wash. 

Gilcrest, Colorado astings, Florida 

Tulelake, California GERING, NEBR. Six Lakes, Mich. 


Grank Forks, N. D. (HOME OFFICE) Bakers Field, Calif. 
Monte Vista, Colo. Presque Isle, Maine 


DEALERS IN PRINCIPAL POTATO AREAS 


e 
_ 
“A 
MECHANICALLY CUT POTATO SEED IS BETTER 
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University Microfiles 
S13 North lst 9% 
Ann Arbor Wichiger 


GUARD AGAINST POOR QUALITY KILLING YOUR 
rket? 


COPPER Improves QUALITY 
QUALITY Increases PROFIT 


Practical experience through years of usage of 
TRI-BASIC COPPER and comparison with the 
newer organic fungicides has proven TRI- 
BASIC to be outstanding in UPGRADING 
POTATO PRODUCTION by providing 


%& LESS TUBER ROT. 

FEWER PICK OUTS. 

BETTER SHIPPING QUALITY. 

% HIGHER SOLIDS CONTENT. 

FEWER WATERY POTATOES. 

% BETTER CHIPPING STOCK. 

INCREASED STORAGE 
ABILITY. 


THAT ISN’T ALL — LOOK at these other 
ADVANTAGES in using a COPPER FUNGICIDE. 


No residue tolerance restrictions. 

Longer application interval — provides added days 
protection while conserving money, chemicals, labor, 
time, machinery depreciation, soil compaction and 
mechanical injury to vines and tubers. Easy to apply 
@s spray or dust. 

Provides nutritional element COPPER —essential to 
plant growth and production. 


MR. GROWER — insist on tri-sasic Copper — IT IS PLENTIFUL AND 


ECONOMICAL. Don’t be misled — Don’t take chances. INSURE SUCCESS THROUGH 
THE USE OF TENNESSEE’S TRI-BASIC COPPER SULFATE. 


TENNESSEE CORPORATION 


617-29 Grant Building, Atlanta, Georgia 


See your dealer or write 


po 
SS 
TENNESSEE eeorat 
TRI- 
>, BASIC 
~ » 
2 O84, 


